Intestinal colonization with toxigenic strains of Clostridium difficile was documented in 9 of 10 horses with acute onset diarrhea in a veterinary medical teaching hospital, whereas a similar isolate was detected in only 1 of 23 other horses without diarrhea in the hospital. One horse with diarrhea was infected simultaneously with both C. difficile and Salmonella krefeld. Clostridium difficile was detected by fecal culture on selective medium, confirmed with a latex particle agglutination test, and identified as toxigenic by polymerase chain reaction amplification of toxin A and toxin B gene sequences. Using an arbitrarily-primed polymerase chain reaction, 6 distinct C. difficile isolates were detected in the feces of the 9 affected horses at the time of the outbreak of diarrhea.
tinal colonization with C. difficile has been described University of California Veterinary Medical Teaching Hospital. The affected horses had been hospitalized for periods in the horse, 12 and there are reports of C. difficile inof time ranging from 0 to 22 days, and 7 of the 10 horses fection in neonatal foals with associated necrotizing enterocolitis 7-9 and in an adult horse with typhlocolitis. 15 Despite the relative paucity of information regarding intestinal colonization of horses with C. difficile, the organism is a common nosocomial pathogen in human patients and causes pseudomembranous colitis associated with antibiotic therapy. 10, 18 Several studies have confirmed the presence of C. difficile in animals in veterinary practices and teaching hospitals, although those reports were limited to examinations of small animals. 2, 3, 13, 22 We recently de-had been in the hospital for 4 days or longer. All of the horses were receiving 1 or more antibiotics (ampicillin, 6 horses; gentamicin, 8 horses; ceftiofur, 1 horse; trimethoprim-sulfamethoxazole, 1 horse), and all but 2 of the horses were hospitalized for colic or diarrhea. Four of these horses had had celiotomies during their treatment for colic. Of the two horses without colic, one had uterine torsion and another was undergoing treatment for a subepiglottic mass. Affected horses were located in 4 separated areas (different buildings) of the hospital at the time of fecal sampling. There were 23 other horses without diarrhea in the hospital at this time.
Laboratory methods. Specimens of the diarrheal feces were tected C. difficile in small animal patients in our teaching hospital, and although both toxigenic and nontoxigenic isolates were detected, the association between intestinal colonization and clinical signs was not clear. 20 In the present study, we present evidence of colonization of adult horses with toxigenic strains of C. difficile at the time of an outbreak of diarrhea. Subsequent genotyping of the clinical isolates was done to examine the strain distribution among the isolates. lected similarly by rectal examination from the nonaffected collected from affected horses, and fecal samples were colhorses. Clostridium difficile was cultured from fecal specimens on plates containing cycloserine-cefoxitin-fructose agar (CCFA). 4 The specimens were also cultured for Salmonella spp. by using XLT4 a agar plates and selenite enrichment. Five separate fecal cultures were done for Salmonella spp. before an animal was considered negative. For C. difficile culture, the CCFA medium was prereduced before use. Inoculated CCFA medium was incubated anaerobically for 36-48 hr at 37 C. Clostridium difficile was identified with the Culturette CDT latex agglutination test. b The presence of the toxin genes was determined by the polymerase chain reaction From the Veterinary Medical Teaching Hospital, School of Vet-(PCR) with 2 oligonucleotide primer pairs targeting toxin A erinary Medicine (Madewell, Jang, Madigan, Hirsh), and the Cancer and toxin B gene sequences as previously described. 6, 11, 21 and Molecular Research Laboratory, Department of Internal Med-Genotyping of the C. difficile isolates was done using the icine, School of Medicine (Tang, Gumerlock, Silva) , University of arbitrarily-primed PCR (AP-PCR) with a 15-mer (53% G + California, Davis, CA 95616.
C) and a 19-mer (37% G + C) oligonucleotide, as previously
Received for publication October 20, 1994. described. 5, 19 Figure 1. Genotyping of horse isolates by arbitrarily-primed polymerase chain reaction (AP-PCR) with a 19-mer arbitrary primer (T-7). Negative print of ethidium-bromide-stained 1.5% agarose gel of DNA banding patterns of C. difficile generated by AP-PCR. Lanes 1, 12: 123-bp DNA marker ladder; lanes 3, 4: C. difficile isolates with unique DNA banding patterns; lanes 6, 7: C. difficile isolates in AP-PCR group A,; lanes 9, 10: C. difficile isolates in AP-PCR group C 1 .
Results
Clostridium difficile was isolated from 9 of 10 hospitalized horses with diarrhea. These isolates were confirmed as being C. difficile by the CDT latex agglutination test. All diarrheal fecal specimens except 1 were negative for Salmonella spp.; S. krefeld was isolated from 1 horse that simultaneously harbored C. difficile. Clostridium difficile was also isolated from 1 of 23 horses without diarrhea. All the C. difficile isolates from the symptomatic horses and the isolate from the horse without diarrhea contained the toxin A and B genes as determined by PCR (Table 1, Fig. 1) .
The results of the genotyping studies of these C. difficile organisms are given in Table 1 . Six different AP-PCR strain types were identified with the AP-PCR system using the arbitrary 19-mer primer (T-7). Three of these strains (AP-PCR types A,, B,, and C,) were found in more than 1 horse; each of these strains was found in a total of 2 horses. The 3 remaining strain types, each from an individual horse, had unique and different DNA banding patterns. The 2 horses with C. difficile strains designated B 1 were housed at the same time in the intensive care unit of the hospital. With Table 1 . The results of the genotyping of C. difficile strains isolated from horses with diarrhea in a veterinary medical teaching hospital. the exception of these 2 horses, there was no obvious correlation between strains of C. difficile identified and a specific location in the hospital or whether the horse had had a celiotomy.
Similar results were obtained in the AP-PCR with the 15-mer arbitrary primer (PG-05) except for the 2 isolates designated C 1 with the 19-mer, which showed a slightly different DNA banding pattern with the shorter primer (AP-PCR subtype IIIa).
Discussion
The results of this study suggest an association between an outbreak of diarrhea observed among horses in a veterinary hospital and intestinal colonization with C. difficile. Although an extensive search for equine enteropathogens was not done in this study to rule out other causes for diarrhea, 9 of 10 affected horses all harbored toxigenic isolates of C. difficile, whereas 22 of 23 other horses in the hospital at the same time were not shedding the organisms in their feces. Further, Salmonella spp., an important cause of episodic outbreaks of diarrhea in this hospital, was excluded as a cause for diarrhea (5 negative fecal cultures per horse) in all but 1 affected horse, a horse simultaneously harboring C. difficile. Because testing for C. difficile in this study was done in retrospect, no specific antibiotic treatment was given to affected horses with diarrhea. Nonetheless, each horse recovered from the diarrhea and had either soft or normal stools at the time of discharge from the hospital.
Clostridium difficile is a common nosocomial pathogen in human beings. Cross-infection between patients, the use of antibiotics, and environmental contamination are important risk factors associated with human hospital outbreaks of C. difficile colitis. In these hospital settings, patients may harbor the organism and remain asymptomatic or may develop clinical signs of infection characterized by diarrhea and pseudomembranous colitis. Transmission can occur readily via contaminated environmental surfaces and the hands of medical personnel. 16, 17 All of the affected horses in this study were receiving antibiotics, most commonly ampicillin or gentamicin. In human patients, almost any antibiotic may be associated with C. difficile infection. Certain antibiotics such as ampicillin, cephalosporins, and clindamycin appear most often to be associated with the development of infection, although these results may reflect the frequent clinical use of these antibiotics rather than an inherent increased risk for C. difficile infection. 14 Several typing systems have been used for strain identification and epidemiologic tracking of C. difficile, including genotyping, bacteriocin/phage typing, sodium dodecyl sulfate-polyacrylamide gel electrophoresis of cellular proteins, and restriction fragment length polymorphisms. AP-PCR is a recently described, technically simple method for serotyping strains of C. difficile and has been useful in epidemiologic studies of infections in human patients. 1 In this study, C. difficile strains isolated from the horses were genotyped using the AP-PCR technique. At the first level of discrimination with the 19-mer primer, 6 different strain types were identified. Three of these strains (A 1 , B 1 , C 1 ) were found in 2 horses each. These results suggest the possibility of some common source of infection in these horses, although there were no obvious correlations between the strain of organism detected and the location of the horses in the hospital, except that both horses with diarrhea housed in the intensive care unit were infected with the same strain. In a recent study, 16,17 a wide variety of C. difficile strain types were observed among clustered cases of human patients with diarrhea in a hospital. These data suggested that the outbreak of colitis was not due to a single strain. Although environmental sampling was not done at the time of the outbreak of diarrhea in horses in our hospital, it is possible that the same strain types isolated from the animal patients are present in the veterinary hospital environment. Clostridium difficile has subsequently been cultured from the environments of both the large animal and small animal hospitals. Further genotyping of these strains will determine the relationship of these organisms, if any, to the organisms isolated from horses at the time of the outbreak of diarrhea and will assist in assessing the hospital environment as a risk factor for the transmission of C. difficile in horses. In human hospital environments, during outbreaks of diarrhea and colitis the responsible strain(s) can usuallv be identified and found throughout the hospital, but although an outbreak may be occurring, several strains can usually be isolated from the hospital environment at the same time. Apparently only some strains cause disease, and at present the only bacterial factors that have been associated with virulence are cytotoxicity and adherence. 23 
